This meta-analysis aimed to determine the epidemiological characteristics of malocclusion among pre-schoolers in mainland China from 1988 to 2017. A total of 31 qualified papers describing 51,100 Chinese children aged 2-7 years were selected. The pooled malocclusion prevalence was 45.50% (95% confidence interval (CI): 38.08-52.81%) with 26.50% Class I (CI: 19.96-33.12%), 7.97% Class II (CI: 6.06-9.87%) and 12.60% Class III (CI: 9.45-15.68%) cases. The most common type of malocclusion was overbite (33.66%, CI: 27.66-39.67%), and the flush terminal type (47.10%, CI: 28.76-65.44%) was the most common in the terminal plane relationship. An increasing trend and wide variations across the country were observed. Additionally, there was no significant difference in malocclusion by gender (relative risk (RR) = 1.01, [0.96-1.06]) or urban/rural area (RR = 0.99, [0.82-1.20]). Although this study represents a narrow view of deciduous-dentition malocclusion in mainland China, the results provide sample evidence that can aid clinicians and policy makers towards early prevention and timely treatment.
Malocclusion is regarded as an irregularity of the teeth or a mal-relationship between the dental arches beyond the normal range 1 . The etiology of malocclusion is multifactorial, including genetic and environmental causes as well as harmful oral habits 2 . Malocclusion represents a developmental disorder of the craniofacial complex that affects the jaws, tongue and facial muscles 3 and is known as one of the three major oral diseases that affect human oral function, aesthetics, social interactions and health-related quality of life 4, 5 .
Previous cohort studies have indicated that malocclusion in primary dentition leads to malocclusion in permanent dentition 6, 7 . If untreated, over time, malocclusion can vary from mild to severe, with varying impacts on aesthetics and/or function 8 . With the implementation of the "two children" policy in China, children's malocclusion has become a major oral health issue of interest. Currently, there is an increasing trend in studies focusing on the early diagnosis and treatment of malocclusion in primary dentition.
The disease burden of malocclusion among pre-schoolers exhibits substantial variability worldwide, with prevalence rates ranging from 26.0% in India 9 to 87.0% in Brazil 10 . Various provinces and cities in mainland China have conducted epidemiological surveys on deciduous-dentition malocclusion. Similarly, there seems to be a wide range of reported prevalence rates, from 13.15% in Ningxia 11 to 83.94% in Shanghai 12 . The most recent and comprehensive study on deciduous-dentition malocclusion was undertaken by the Chinese Stomatological Association (CSA) in 2000, reporting a malocclusion prevalence of 51.84% in Chinese children 13 . However, the random sampling survey was performed in only 12 cities across China.
To the best of our knowledge, there is a lack of comprehensive and critical information regarding the prevalence of malocclusion in primary dentition in mainland China. Furthermore, the characteristic features of
Results
Literature search and quality assessment. The literature search and quality assessment were performed by the first two authors (L.S. and F.H.), with an acceptable inter-examiner agreement (both kappa values > 0.782, Supplementary Table S1 ). A total of 31 eligible articles (29 in Chinese and 2 in English) were included in this meta-analysis. One national-level, 4 provincial-level and 26 city-level papers were included. The combined total sample was 51,100 individuals aged 2 to 7 years old. Notably, the Angle classification was used as the diagnostic criterion for malocclusion in the 29 Chinese papers, whereas the 2 English articles 12,14 adopted a morphological classification of malocclusion from a previous study 15 . Quality assessment revealed that the general quality of the included studies was medium, and the numbers of studies scored from 8 to 12 were 5, 11, 4, 3 and 8, respectively. Furthermore, the quality of the included epidemiological studies improved over time ( Supplementary Table S2 ). The specific search process is summarized in Fig. 1 , and the basic characteristics of the 31 articles are summarized in Table 1 and Supplementary Table S3 .
Prevalence by Angle classification. Approximately 23,772 children exhibited malocclusion, with a pooled prevalence of 45.50% (95% confidence interval (CI): 38.08-52.81%). Eleven articles described the prevalence of Class I, Class II and Class III malocclusion. Based on the combined results, the highest prevalence of malocclusion in mainland China pre-schoolers was Class I malocclusion at 26.50% (CI: 19.96-33.12%) compared with Class II malocclusion at 7.97% (CI: 6.06-9.87%) and Class III malocclusion at 12.60% (CI: 9.45-15.68%, Table 2 ).
Prevalence by malocclusion type. The 3.17-14.19%), crowding 8.03% (CI: 4.93-11.13%), anterior edge-to-edge 7.84% (CI: 5.82-9.87%), openbite 3.36% (CI: 2.24-4.48%), posterior crossbite 2.81% (CI: 1.8-4.53%), and posterior scissor bite 2.31% (CI: 1.02-3.60%, Table 2 ).
Prevalence by terminal plane relationship of the second primary molars. Eight articles reported
the terminal plane relationship of the second primary molars in mainland China. The pooled results revealed that the most common terminal plane relationship from ages 2 to 7 was the flush terminal plane at 47.10% (CI: 28.76-65.44%), followed by the mesial step at 43.24% (CI: 24.85-61.63%), distal step at 5.04% (CI: 3.29-6.79%), and bilateral symmetry at 5.03% (CI: 3.06-6.99%, Table 2 ).
Prevalence over time.
The year of study publication varied from 1988 to 2017. Following the methods of previous reviews 16, 17 , we divided the articles into the following 5 periods: ≤1999, Table 2 ). This finding clearly demonstrates a substantial increasing trend in deciduous-dentition malocclusion over time (Fig. 2) . Prevalence by geographic region. The available data from 30 articles was combined, encompassing 14 provinces, 2 autonomous regions, and 1 municipality in mainland China. There were statically significant variations in the prevalence of malocclusion across provinces ( Supplementary Table S4 ). The highest prevalence rates (indicated by the darkest red on the map in Fig. 3 Prevalence by gender. Seventeen articles reported the prevalence of malocclusion among 14,034 males and 12,703 females aged 2-7 years in mainland China. The prevalence of malocclusion in primary dentition in males and females was 48.84% (CI: 37.01-60.67%) and 49.55% (CI: 37.57-61.53%), respectively ( Table 2 ). Figure 4 demonstrates that there was no significant difference (relative risk (RR) = 1.01, [0.96-1.06]) in malocclusion prevalence by gender.
First author and publication year Language
Prevalence by urban/rural area. Only 4 eligible articles were combined to evaluate the pooled prevalence of malocclusion in pre-schoolers in urban and rural areas. The pooled prevalence of malocclusion was 43.01% (CI: 32.79-53.23%) for urban children and 31.51% (CI: 20.86-42.16%) for rural pre-schoolers (Table 2) . No significant difference was found between rural and urban areas (RR = 0.99, [0.82-1.20], Fig. 5 ). Heterogeneity and publication bias. To identify the source of high heterogeneity, susceptible variables, including a high prevalence of malocclusion, were entered in a meta-regression model. Publication year (p = 0.043), diagnostic method (p = 0.036), and urban/rural area (p < 0.0001), rather than geographical distribution (in southern China or northern China) (p = 0.6168, Supplementary Table S5 ), largely explained the estimated heterogeneity. Furthermore, Egger's test for publication bias was skewed, and the values, which were approximately evenly distributed around the overall mean estimate, suggested insignificant publication bias ( Fig. 6) . 
Variables

Number of study
Discussion
This meta-analysis combined the results of initial studies, providing a more accurate and comprehensive picture of the prevalence of deciduous-dentition malocclusion in mainland China based on a random effects model. The results indicated that almost 45.5% of children in mainland China suffer from at least one type of malocclusion. Moreover, a high level of variation was observed among different provinces, which may be due to differences in criteria, ethnic groups, age groups, registration procedures or environmental and genetic factors 18, 19 .
Compared to the two other Angle classifications, the highest estimated prevalence of Class I malocclusion was 26.5%. To better understand this result, it is helpful to consider a systematic review of malocclusion prevalence among Iranian children, which concluded that the excessive consumption of sugars, which causes caries and the early loss of deciduous teeth, as well as a lack of hygiene or healthcare, increased the prevalence of Class I malocclusion 20 . The rate of Class III malocclusion in children was 12.6%. In addition to genetic factors, the habit of mandibular protrusion and incorrect feeding habits, such as nursing while lying down, increased the incidence of Class III malocclusion 21 . The lowest prevalence rate of 7.97% was observed in Class II malocclusion. However, early recognition of such discrepancies is required, as a previous longitudinal study suggested that Class II malocclusion in the deciduous dentition might determine a related Class II permanent-dentition malocclusion 22 .
The most common trait of malocclusion was revealed to be a deep overbite (33.66%), which is consistent with a previous study 23 . However, deepbite in primary dentition may be temporary, and spontaneous correction may occur due to vertical growth of the mandibular ramus and the full eruption of permanent molars 24 , as a longitudinal study supported 25 . Scholars have recommended that an increased overbite in primary dentition is rarely treated unless the lower incisors impinge the maxillary palatal mucosa, leading to pain or other clinical symptoms 26 . Physiological spaces, including the developmental spaces and the primate space, were the second most common characteristic in primary dentition, with a prevalence of 27%. Spacing indicates proper alignment of the permanent dentition 27, 28 ; thus, early effective treatment is not necessary in such cases. Crossbite (25.29%), mainly associated with genetically inherited characteristics and environmental factors, was observed at a higher prevalence than that reported in India 29 . Self-correction was noted for anterior crossbite 8 , whereas posterior crossbite was transferred from the deciduous to the permanent dentition 29 . Likewise, crossbite warrants increased early check-ups and treatment to decrease the long-term effects on growth and development. Relative to the reported prevalence of increased overjet in the primary dentition in different countries, which ranges from 3% to 16% 30, 31 , the prevalence rate in the present study was moderate, at 10.16%. Because increased overjet was alleviated during the transition from primary to permanent dentition, it was not a precise indicator of a similar increase in the permanent dentition. In addition, a standard of 3 mm is acceptable to clinicians. The prevalence of crowding (8.03%) was much lower than that reported in Colombia (52.1%) 32 . This difference might be the result of a sampling error secondary to the small sample size in the former study. There are clear indications that crowding in deciduous dentition, mostly due to the modern diet, contributes to the disproportion between the jaw and tooth size in the permanent stage 30 ; thus, early interceptive treatment is necessary to enhance the favorable growth and development of the jaw and teeth 33, 34 . Moreover, the discrimination between temporary malocclusion and pathological malocclusion is crucial in this period.
The present study demonstrated that the majority of children in mainland China had a flush terminal plane (47.10%), followed by a mesial step relationship (43.24%) and a distal step relationship (5.04%). In India, a survey of 1,000 pre-schoolers revealed similar results; the molar relationship prevalence was the flush terminal plane (66.0%), mesial step (12.8%), distal step (2.4%) and bilateral symmetry (18.8%) 29 . There was a consensus that the distal surfaces on the second deciduous molars, i.e., the primary molar relationship in the deciduous dentition, predicted the identification of the permanent molar relationship 35 . A previous survey 7 revealed that most cases of flush and mesial terminal plane developed into Angle Class I in the permanent dentition due to a combination of forward movement of the mandible and mesial migration of the mandibular arcus 36 . Additionally, a study by Ravn 37 demonstrated that a distal step molar relationship could develop into an Angle Class II molar relationship in permanent dentition. Therefore, additional longitudinal studies are necessary to identify the changes in the molar relationship from primary dentition to permanent dentition.
Our study revealed a dramatic increasing trend in the prevalence of malocclusion over time among children in mainland China, which suggests the need for the early recognition and treatment of deciduous-dentition malocclusions in further diagnostic and treatment procedures. There are several potential reasons for this observation. First, the rapid development of China's economy has changed lifestyles and diet structures among its inhabitants, and the overconsumption of refined and high-sugar foods has increased the risk of malocclusion 38, 39 . Second, a lack of proper oral hygiene knowledge, attitudes or behaviors among parents has likely contributed to the increasing prevalence of malocclusion among children 40 . For example, there is a general misunderstanding that malocclusion in primary dentition is temporary and should resolve with the eruption of permanent teeth. Additionally, the government's investment in oral health services and resources 41 , as well as health education programmes 42 , is insufficient, especially in rural areas.
No pattern was observed in the geographical distribution of deciduous-dentition malocclusion in mainland China. For example, similar prevalence rates were observed in scattered locations such as Yunnan and Shanxi. The wide variation in malocclusion prevalence among different regions might partly be due to regional differences in socioeconomic status, eating habits and cultural environments 43 . The prevalence map in Fig. 3 can be used as a reference for oral health services and malocclusion resources, although it may not be fully representative of Chinese pre-schoolers due to insufficient information.
There has been a fervent debate about the prevalence of malocclusion in primary dentition between genders. Previous studies [43] [44] [45] reported that girls had a higher risk of malocclusion than boys; however, Li Zhaohui 46 and Girish R Shavi et al. 28 identified a significantly higher malocclusion prevalence among boys. Our pooled results demonstrated no significant gender difference (RR = 1.01, CI: 0.88-1.17), which reinforced the results of the majority of other relevant studies 11, 12, 47 . Consequently, we inferred that gender likely has no significant effect on malocclusion in children. However, further gender-based cohort studies are warranted to confirm this assumption. Our study found that rural children had a malocclusion prevalence rate similar to that of their urban counterparts. This finding is inconsistent with a previous survey 23 reporting that children with a higher socioeconomic status had a higher prevalence of malocclusion. Our finding might have been partially due to reductions in the differences between urban and rural areas caused by rapid economic development. However, we should acknowledge that the included studies covered more urban than rural areas, which might bias country-level estimates in China. Therefore, further investigations are required to more precisely define the prevalence of malocclusion in urban and rural areas.
The present study has some inherent limitations. First, statistically significant heterogeneity was observed between the primary studies. Therefore, it was impossible to identify the effects of susceptible variables on pooled prevalence. Second, all the papers included in this review were cross-sectional studies, which inevitably imposed limitations on the estimation of malocclusions due to a wide variety of tools, methods and subjective judgments. In addition, the quality of the primary studies included in this systematic review is a cause for concern. Despite the clear description of the research question and target population, most lower-quality studies failed to report the role of researchers, the sampling structure or the data collection method completely, which may lead to biased and inaccurate estimates of prevalence. Finally, due to the insufficient number of articles, we had to limit the study to a specific city or region as a representative sample, which may or may not precisely represent the population.
This systematic review identified 31 published studies that estimated the prevalence of malocclusion among mainland China pre-schoolers. Our findings reveal that deciduous-dentition malocclusion has become a serious and urgent problem. Based on the mentioned points, we hope that these findings will be considered by epidemiologists and clinicians. Furthermore, the increasing trend in malocclusion highlights the need for policy makers to invest in efforts to improve oral health and the early preventive treatment of deciduous-dentition malocclusion in mainland China.
Methods
This systematic review was performed according to the Preferred Reporting Items of Systematic reviews and Meta-Analyses (PRISMA) guidelines 48 (Supplementary Checklist S1). Prior to the study, a training session was conducted to clarify the procedure of this systematic review, creating correct methods for full text examination and quality assessment. Kappa coefficients 49 were calculated to assess inter-examiner variability.
Search strategy. A pilot search was conducted by a research team with experts in orthodontics, epidemiology and statistics. Subsequently, a comprehensive literature search strategy was applied using the following keywords: 'prevalence' , 'frequency' , 'epidemiological' , 'dental malocclusion' , 'Class I' , 'Class II' , 'Class III' , 'pre- Selection criteria. Titles and abstracts were screened independently by two authors (L.S. and F.H.), and duplicate and irrelevant records were removed. The inter-examiner variability statistic was acceptable (kappa value = 0.782, Supplementary Table S1a ). The full texts of potentially eligible studies were examined. We selected original English/Chinese surveys that obtained the required quality scores and reported the minimum information (number of subjects and number of malocclusion events) necessary to calculate the pooled prevalence of malocclusion in primary dentition based on random sampling. Studies with the following features were excluded: (1) studies that did not report the prevalence of malocclusion among pre-schoolers; (2) clinical trials, abstracts, conference proceedings, commentaries, case-control studies or case report studies; (3) studies in which the participants were limited to a particular occupation, population, community group or location; (4) studies that did not report the most detailed data for which other articles based on the same sample were available; (5) studies that did not provide minimum information to calculate prevalence; (6) surveys that were not conducted in mainland China; and (7) articles that did not obtain a quality minimum score of 8. The inter-examiner variability for this stage was substantial (kappa value = 0.795, Supplementary Table S1b ), and disagreements were resolved by discussion or by the study's primary designer (J.H.W.).
Quality assessment.
We used a checklist based on the guidelines of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) to assess the quality of the selected studies 50 . The checklist contains 12 questions that aim to assess the purpose of the survey, the appropriateness of the research design, sample size, sampling methods, population, data collection tools, variable evaluation status, statistical analyses, and appropriate means of reporting claims based on objectives 51 (Supplementary Checklist S2) . The options for each question are 'yes = 1 point' or 'no = 0 points'; thus, a maximum score of 12 points represents the highest quality. The assessment was performed by two trained authors (L.S. and F.H.) with a high inter-examiner agreement (kappa value = 0.795, Supplementary Table S1b ), and disputes were settled by consensus or by the study's primary designer (J.H.W.) when necessary. Finally, surveys that received a score of 8 or higher were selected for the meta-analysis. Data extraction. The following variables were extracted by the first two authors (L.S. and F. H.) independently: (1) publication details, including article title, first author, year of publication and language of the article; (2) research design, including the study location and period, sampling methods, diagnostic criteria, SCIentIfIC REPORTS | (2018) 8:4716 | DOI:10.1038/s41598-018-22900-x characteristics of the participants and total sample size; (3) details of the target indicators, including the total case size and overall prevalence in different genders, region types (i.e., urban or rural), Angle classifications (Classes I, II, III and normal), malocclusion types, and the terminal plane relationships of the second primary molars. We contacted the corresponding authors for further or missing information as needed and resolved disagreements by consensus or the decision of the third author (J.H.W.) if necessary. The final data were entered into an Excel spreadsheet for analysis.
Statistical analysis.
A meta-analysis was conducted using STATA software version 12.0 (Stata, College Station, TX, USA). The standard error of each indicator in all eligible studies was calculated based on the binomial distribution formula. Subsequently, tests of heterogeneity among the studies were evaluated using Q and I 2 tests. According to the heterogeneity results, a random effects model (I 2 > 50% or p < 0.05) or a fixed effects model (I 2 < 50% or p > 0.05) was used to estimate the pooled prevalence of Class I, II, and III malocclusion; malocclusion types; and the terminal plane relationship of the second primary molars. A subgroup analysis was conducted to identify the source of high heterogeneity, and possible factors (gender and location of residence) were examined by risk ratios (RR) and 95% confidence intervals (CI) in the Cochrane Review Manager Version 5.1. To evaluate the temporal trend in malocclusion in pre-schoolers, available studies were categorized into five data collection time periods as follows: ≤1999, 2000-2004, 2005-2009, 2010-2014 , and ≥2015. In addition, the pooled prevalence estimated for deciduous-dentition malocclusion in each province was entered into ArcGIS Version 10 software to map the geographical distribution.
